In this paper, the eect of substrate temperature on the electrical, structural, morphological and optical properties of nanostructured polycrystalline zinc oxide thin lms were investigated by the Hall measurement, Xray diraction, scanning electron microscopy and UV-visible spectrophotometer, respectively. Then these modied thin lms were deposited on two kinds of single crystal and polycrystalline of n-and p-type Si in three dierent substrate temperatures of 300, 400 and 500
Introduction
ZnO is an n-type IIVI group compound with a wurtzite structure. ZnO lms have been widely studied owing to their usefulness in electronic or optoelectronic applications, gas sensors, solar cell windows, and surface acoustic-wave devices [14] . sition (MOCVD) using diethylzinc (DEZ) and CO [15] .
It was found that these properties strongly depend on growth temperature and pressure. (367) between the anode and the organic electron donor in organic solar cells [21] . In 2010, ZnO thin lms were grown on glass substrate by APCVD, using zinc acetate as precursor of Zn and ozone as an oxidant agent [22] . In 2014, boron doped zinc oxide lms were prepared at dierent water to diethyl zinc ratios by a low pressure CVD technique [25] . It was found that the morphology of the lms vary from small leaf like to pyramidal surface structures with increase of H 2 O/DEZ ow ratio.
Therefore, in this paper we want to investigate the eect of deposition temperature on electrical, optical, structural and morphological properties of pure ZnO thin lms by the Hall eect and Van der Pauw setup, UV-visible spectrophotometer, X-ray diractometer and SEM measurement. Also, in order to study the importance of the kind of the substrate on modifying structural properties, we used two types of Si substrate.
Experimental techniques

Sample preparation
The glass substrates were degreased as described in our previous work [26] . We have used oxygen gas with pu- Before deposition, the silicon substrates were degreased about 2 min in solution of hydro uoric acid and deionised water then rinsed in deionised water. These silicones were cleaned ultrasonically in acetone and rinsed again in deionised water. The cleaned Si substrates were introduced in the tubular furnace. As shown in Fig. 2 , with increase of substrate temperature, resistivity increases and after reaching a We can relate this suddenly increase of mobility with decrease of carrier concentration scattering as a result of carrier decreasing. Also, mobility improves due to grain size increase which will be discussed in the following. As a result of this suddenly increase of mobility, resistivity decreases. With respect to the diagram, it is clear that carrier concentration decreases with increasing temperature. It is reasoned that when the substrate temperature is increased, the number of oxygen atoms adsorbed on the thin lms will be increased, causing a decrease of the defect density and resulting in a decrease of the carrier concentration [29] . These results imply that as the substrate temperature is increased from 300 to 450 • C, the thin lms come closer to the stoichiometrical composition. Our results are in good agreement with Kang et al.
report in which they used pulsed laser deposition method with dierent precursors [30] . Figure 3 shows typical XRD patterns of the ZnO layers grown on glass substrate at dierent deposition temperature. All lms have polycrystalline structure with a hexagonal wurtzite structure. Although the peaks intensity is so weak at low deposition temperature, with increase of temperature it increases. This is due to the low atomic mobility, which constrains the growth of the crystal during the crystallization process at low temperatures. As the substrate temperature increases up to 500 • C, enough thermal energy is supplied to the adatoms on the substrate and increases the surface mobility leading to an increase in the (002) plane orientation [30] .
Structural and morphological properties
At substrate temperature of 300 and 400 • C, preferred orientation is (100) while at 500 • C it changes to (002).
The primary eect of a change in composition from an oxygen-decient material to stoichiometric ZnO is a preferred (002) orientation [31, 32] . With increasing substrate temperature, ZnO layers approach to a stoichiometric ones and preferred orientation changes to (002) peak.
Since amount of the oxygen incorporation into lattices may increase at higher substrate temperature [33] . Also, the thermal energy of the substrate can supply enough energy necessary to form the (002) orientation. As a result, the lms prepared at the higher temperature show a good crystalline quality [33] .
As depicted in Fig. 4 , the increase of grain size as a result of temperature increase is clear. The mean crystallite size D was calculated for the diraction peaks using the Scherrer formula [34] . Grain size was calculated for (002) orientation. This demonstrated that the crystallinity of ZnO lms was likely to improve with increase of deposition temperature. Although some others used dierent precursors and other deposition methods, our results are in good agreement with theirs [10, 35] . (002) orientation takes minimum in the ZnO crystal, and then in order to grow a c-axis oriented ZnO crystal, it is important that the particles ablated from the target have still energy at the substrate surface [33] . It seems that in the case of ZnO layers on polycrystalline Si, particles do not have enough energy to form ZnO layers with (002) preferred orientation. We can relate this phenomenon to the type of the polycrystalline Si. Indeed, (100) preferred orientation in this case can be formed due to the presence of the residual stress in the lm that depends on experimental conditions and substrate nature.
As expected in both cases, with increasing temperature, the intensity of the preferred peak increases due to improving crystallinity. The eect of Si substrate is clear with its peak at about 70
• for single crystal Si and at 28
• for polycrystalline Si. to low carrier concentration of the samples. As a result, absorption of free carrier concentration is low and transparency is high. These results are in accordance with Fay et al. report [36] . Fig. 7 . Transmission spectra of ZnO thin lms at different substrate temperatures. Fig. 8 . Optical band gap of ZnO thin lms at substrate temperature of 300, 400, 500
The optical band gap, E g of the ZnO thin lms was determined by extrapolation of the linear portion of (αhν) 2 versus hν plots by applying the Tauc model which is clear in Fig. 8 [37] .
As the growth temperature was reduced from 500
to 300 • C, the optical band gap blueshifted from 2.8 to 3.2 eV. A similar blueshift phenomenon of optical band gap was also observed in ZnO thin lms deposited on quartz substrate [38] . Decrease of band gap as a result of increase of substrate temperature can be explained by the composition variation as a function of the growth temperature [39] .
Conclusions
According to this paper, we studied the eect of deposition temperature on optoelectrical, structural and morphological properties of ZnO thin lms. From the Hall measurement, resistivity increased with substrate temperature, as a result of increase of the number of oxygen atoms adsorbed on the thin lms, causing a decrease of the defect density and resulting in a decrease of the carrier concentration. In accordance with electrical properties, structural properties of both layers grown on glass substrate and Si substrate improved due to deposition temperature increase and these results were approved by SEM images. As the substrate temperature increased enough thermal energy was supplied to the adatoms on the substrate and increased the surface mobility leading to an increase in the (002) plane orientation. Also, as a result of increasing crystallinity, transparency improved.
Finally, transparency and band gap was acceptable for thin lm ZnO while electrical properties should be modied by other factors such as doping, etc.
